Objective: To examine dietary selenium intake and indices of selenium status (plasma and red blood cell selenium and glutathione peroxidase activities) in apparently healthy Scottish individuals. Design and subjects: One hundred subjects, aged between 40 and 60 y, completed a seven day weighed food intake and provided blood samples for selenium status analysis. Setting: Inverurie, Aberdeenshire, Scotland. Results: Average reported selenium intake was low (43 mg/d). A signi®cant number of subjects had reported intakes below the RNI. Low levels of plasma selenium were also found but no subject had values below 40 mg/l. Red blood cell selenium was within the reference range established for a healthy UK population. Smoking status had no consistent effect on selenium status.
Introduction
Selenium (Se) is an essential nutrient for which new roles are continually being recognised (Arthur & Beckett, 1994) . There is still considerable debate about human Se requirements; in Britain, the Reference Nutrient Intake (RNI) for Se is 1.0 mg/kg (Department of Health, 1991) . This is equivalent to total intakes of 75 and 60 mg Se/d for males and females, respectively. By comparison, 70 and 55 mg/l have been recommended for North American males and females (National Research Council, 1989 ) and 85 and 70 mg/d for Australian males and females (Dreosti, 1986 ).
An important biological role of Se is its function at the active site of the glutathione peroxidases (GSH-Pxs). These enzymes are essential components of the body's antioxidant defence system (Arthur & Beckett, 1994) . Together with superoxide dismutase and catalase, the GSH-Pxs protect cells from the potentially injurious effects of free radicals. Free radical-mediated damage has been proposed to be a factor in the development of atherosclerotic plaques that lead to ischemic heart disease (Duthie et al, 1989) . Some epidemiological studies have revealed an inverse correlation between Se status and cardiovascular disease (Oster et al, 1986; Salonen & Huttenen, 1986; Kok et al, 1989) . Dietary intakes of antioxidants (vitamins E, C and bcarotene) are particularly low among Scottish individuals (Duthie et al, 1992; . Furthermore, there has been particular concern about the Se intake and status of the Scottish population (Barclay & MacPherson, 1986; Barclay & MacPherson, 1992; Molnar et al, 1995) . Scotland has one of the highest incidences of coronary heart disease in the world (Department of Health, 1994) and low Se status may contribute to this risk. Thus, the present study was designed to examine the Se intake and indices of Se status, plasma and red blood cell (RBC) Se and plasma and RBC GSH-Px activity, in apparently healthy Scottish individuals.
Methods
Sample selection A random sample of 1000 individuals on the register of a large General Practice in Inverurie, North-East Scotland were invited to participate in a study of`antioxidant status' (Duthie et al, 1992) . Of the 300 individuals who attended the health screening component of the main study eighty males and eighty females, aged between 40 and 60 y were randomly selected for recruitment into the current study. The study was conducted between October 1988 and May 1989. Prior ethical approval was secured from the Joint Ethical Committee of the Grampian Region Health Board and The University of Aberdeen and written informed consent was obtained from the subjects.
Dietary survey
Subjects were asked to weigh and record all food and drink consumed over a 7 d period. Before the study began, a nutritionist visited each subject and explained the use of the weighing scales (Soehnle, 0±1000 g 6 2 g) and record book. Each subject was also visited mid-way and at the end of the 7 d period. The importance of accurate and complete reporting of food and drink consumption was stressed. During the ®nal visit, the record books were checked for the presence of unlikely amounts or inadequate description and to ensure accuracy and clarity of the records.
Nutrient intakes were compared using the Microdiet programme (University of Salford, 1988) . Nutrient data from the following sources formed the core of the nutrient database (Paul & Southgate, 1978; Paul et al, 1980; Tan et al, 1985; Holland et al, 1988; Wiles et al, 1980) . For food groups other than cereals and cereal products, Se values were updated using values reported by Koivistoinen (1980) and Holland et al, (1989) . An independent nutritionist checked that the dietary codes used were appropriate and that the coding system was consistently applied.
The ratio, Energy Intake: Estimated Basal Metabolic Rate (EI:BMR est ), was calculated using equations for adults aged 30±60 y as outlined by Scho®eld et al (1985) . The validity of the reported intakes was evaluated by comparing EI:BMR est to Cut-Off values developed by Goldberg et al (1991) . Cut-Off 1 (1.35) is the lowest value for habitual energy intake of an individual that is compatible with a normal lifestyle. Cut-Off 2 (1.48) is the lowest value for EI:BMR est that could re¯ect actual energy intake over a given measured period (Goldberg et al 1991) . A physical examination which included weight and height measurements and the taking of a blood sample were carried-out by the study nurse. Information on smoking habits and social class were obtained by questionnaire.
Biochemical analysis
A 15 ml blood sample was collected from each individual following an overnight fast during a scheduled visit to the local Health Centre. Blood was collected in heparinised (trace element-free) Vacutainers (Beckton Dickinson, UK) and immediately centrifuged at 1500 6 g for 10 min. Plasma was divided into appropriate aliquots and immediately frozen in liquid nitrogen and stored at 770 C. RBCs were re-suspended to the original blood volume with isotonic phosphate buffered saline solution (Sigma, UK) and frozen at 770 C. Heamatological measurements were conducted on fresh unfrozen whole blood. Total plasma and RBC Se were measured, after acid digestion, by¯uores-cence of a Se-diaminonaphthalene complex using the method of Olsen et al (1975) as modi®ed by Arthur (1988) for multiple analysis. Plasma and RBC GSH-Px activities were measured by the modi®ed method of Paglia & Valentine (1967) at pH 7.4 and 5 mM reduced glutathione.
Plasma and/or RBC pools were included every 11 samples. Internal standards were included every 20 samples. All samples were analysed in duplicate. The interbatch coef®cients of variation (CV) were calculated as s.d. mean 6 100. The CVs for plasma and RBC Se were 6.4 and 6.9%, respectively. The CVs of plasma and RBC GSHPx were 4.7 and 5.5%, respectively.
Statistical analysis
Data are expressed as means, standard error of mean with range values in parentheses. Pearson product moment correlations were used to explore simple relationships between selected variables and two-tailed signi®cance levels were obtained. Student's t-test was used for evaluation of differences among groups. Minitab, release 7, statistical package was used for all analyses.
Results
Details of the dietary survey recruitment are outlined in Table 1 . Response rates of 74 and 76% were obtained for males and females, respectively. Seven diaries were excluded from the dietary analysis due to unreliable recording (CS). The subjects were predominantly engaged in skilled non-manual occupations with 60% of the males in Social classes I and II and 40% of the females in Social classes II and IIIN and 42% classed as housewives.
Details of the physical, dietary and smoking characteristics of the group are outlined in Table 2 . Forty-eight per cent of both males and females had BMI values greater than 25 and would be classed as overweight according to Knight (1984) . The pattern of nutrient intake expressed as percentages of energy intake was similar for males and females with the exception that the contribution made by alcohol was signi®cantly higher for the males than for the females (P`0.001). Two of the men and eight of the women regularly took dietary supplements. There were predominantly more non-smokers (72%) than current smokers (22%) in the total sample. The mean EI:BMR est was signi®cantly higher for males than females (P`0.01). Forty two per cent of the males and 67% of the females had EI:BMR est ratios below the Cut-Off 1 value of 1.35. Sixty per cent of the males and 83% of the females had EI:BMR est ratios below the Cut-Off 2 value of 1.48.
The mean reported Se intake of the males (51 mg/d) was 48% greater than that of the females (34 mg/d, P`0.001) Had moved from the area, had died, were working away from area at time of survey. (Table  3) . However, RBC Se was signi®cantly higher in the female group (0.49 mg/g Hb) compared with the male group (0.43 mg/g Hg) (P`0.01). Male and female plasma GSHPx values (0.48 and 0.47 U/ml, respectively) were similar, but RBC GSH-Px values were higher in the female group (65 U/g Hb) compared to the male group (58 U/g Hb) (P`0.01).
There was no apparent difference between the reported intake of Se of smokers compared with that of non-smokers of either sex. Male smokers had higher plasma Se (P`0.05), RBC Se (P`0.01) and RBC GSH-Px (P`0.01) than male non-smokers. These differences were not apparent in the female group.
Signi®cant correlations were found in the female group between: Se intake and plasma GSH-Px (r 0.31, P`0.05); plasma Se and plasma GSH-Px (r 0.29, P`0.05); plasma Se and RBC Se (r 0.89, P`0.001) and between plasma GSH-Px and RBC Se (r 0.31, P`0.05). Few comparable correlations were found in the male group with the exception of a signi®cant correlation between plasma Se and RBC Se (r 0.85, P`0.001). RBC Se was also signi®cantly correlated with RBC GSH-Px (r 0.30, P`0.05).
Discussion
The results of the present study may be considered to be representative of North-East Scottish individuals predominantly in Social classes II and IIIN. Physical characteristics (mean heights and BMIs) of the subjects were similar to values obtained in a large Scottish study of 10 359 subjects (Bolton-Smith et al, 1991) . In addition, the energy intake pro®le and EI:BMR est values were similar to those reported previously for Scottish individuals in the Diet and Nutritional Survey of British Adults (Gregory et al, 1990) .
The EI:BMR est values (Table 2) indicate that the energy intakes of the groups were underestimated and consequently are not a true estimate of habitual intake. This suggests that the subjects were under-recording or restricting their food intake during the survey period. The bias in energy measurement is likely to lead to bias on measurement of other nutrients. From the EI:BMR est values obtained, it is evident that the reported Se intake, though similar to estimates observed in previous Scottish studies, is an underestimate of true intake. Unfortunately, the measurement of a biomarker to determine the degree of underreporting was not included in this study. Urinary nitrogen could be measured to provide a biomarker of protein intake in future studies.
A speci®c problem with the assessment of Se intake is the variation of the Se content of food products (Barclay & MacPherson, 1992; Molnar et al, 1995; Barclay et al, 1995) . Average reported Se intakes of males and females (43 mg) in the present study were within the range of intakes (31±74 mg) reported in previous Scottish studies (Barclay & MacPherson et al, 1986; but lower than values reported in other British studies in which`total diets' were analysed (Thorn et al, 1978; Bunker et al, 1988; Buss & Rose, 1992; MAFF, 1995) . It is known that food composition table estimates of Se content of foods, as were used in the present study, may over-and/or underestimate the true Se content of certain foods . Some 90% of the subjects were found to have reported Se intakes less than the RNI. Furthermore, 33% of the males and 77% of the females had reported intakes below the LNRI for Se (40 mg/d; Department of Health, 1991). When only those subjects who had EI:BMR est values greater than 1.48 were evaluated, 88% of the males and 92% of the females had reported Se intakes less than the RNI, suggesting that a proportion of the subjects, particularly of the females, may not be meeting their requirement for Se.
Plasma Se is a sensitive index of recent Se intake (Hunter, 1990) . Mean plasma concentrations (Table 3) were below the plasma Se reference range (84±148 mg/l) reported for a group of 391 UK subjects, aged 18±85 y (Lloyd et al, 1983) . A recent low intake of Se is in accord with the plasma Se values observed in the present study. However, no subject had plasma Se values below 40 mg/l and values were well in excess of the levels associated with clinical Se-responsive syndrome in China (12 mg/l). No clinical Se de®ciency was observed in a multicentre European study of subjects, aged 20±65 y (Thorling et al, 1986) .
RBC Se provides a Se index integrated over several months due to the 120 d half-life of the cells. Values in the present study were similar to those reported previously by Lloyd et al (1983) , Bunker et al (1988) and Campbell et al (1989) . Values were also within the reference range established for a healthy UK population (0.32±0.66 mg/g Hb, Lloyd et al, 1983) and were higher than those reported by Ne Áve et al (1988) or Thomson et al (1993) . GSH-Px activity is a valid index of Se status in populations with Se intakes below 50±80 mg/d above which plasma and RBC GSH-Px activities plateau (van't Veer & Alfthan, 1991) . GSH-Px activities found in the present study have not been compared with values reported in other studies as assay conditions vary considerably between laboratories.
Plasma Se is a sensitive index of recent Se intake in supplementation trials (van der Torre et al, 1991) . Nevertheless, Se intake did not correlate with plasma Se in either males or females in the present study. Similarly, Lane et al (1983) failed to ®nd a statistically signi®cant correlation between these variables and Snook et al (1983) only reported a weak correlation. However, Swanson et al (1990) demonstrated a highly signi®cant relationship (r 0.51) between dietary Se, measured by direct analysis, and serum Se. The population studied had a relatively wide range of Se intakes which would increase the chance of obtaining a signi®cant correlation. It is possible that underreporting may have decreased the chance of observing an association between reported intake and other measures of Se status in the present study.
Since a reliable assessment of Se intake using dietary methodology is extremely dif®cult, biomarkers, such as, plasma and RBC Se and GSH-Px activity have been examined. The signi®cant correlations between Se intake and plasma GSH-Px and between plasma Se and plasma GSH-Px among females in the present study is probably attributable to the lower Se intake in this group compared to the males and suggests that the Se status of the females was not saturated. Plasma Se and GSH-Px were positively correlated in healthy subjects with low Se intakes in Belgium and New Zealand (Ne Áve et al, 1988; Thomson et al, 1988) . However, the relationship breaks down at higher intakes (Thomson et al, 1993) .
While smoking has been associated with reduced Se status (Hunter, 1990; Swanson et al, 1990 ) the results of studies are equivocal (Lloyd et al, 1983; Robinson et al, 1983; Olivieri et al, 1984) . In this study, reported Se intake was similar in smokers and non-smokers for both sexes.
Conclusions
Our results are in agreement with previous reports that reported Se intake in Scotland is possibly at the lower level of recommendations (Barclay & MacPherson, 1986; MacPherson, 1994a MacPherson, , 1994b Molnar et al, 1995) and suggest that many people may have insuf®cient selenium intakes. Inadequate reported Se intakes were consistent with low plasma Se values compared with other populations. However, RBC Se levels were within the normal reference range suggesting that clinical Se de®ciency was not evident. The health signi®cance of low Se intake and status needs to be further investigated in Scottish populations.
